The free-radical theory predicts that the oxidative stress accelerates the rate of aging and increases the onset of degenerative disorders in the elderly. Dopaminergic neurons are especially vulnerable to age-related neuronal disorders due to reactive oxygen species generated in the pathway of dopamine metabolism. Biochemical changes occurring in substantia nigra of Parkinson's disease patients suggest that the oxidative-stress-induced cell damages may be involved in the neurodegeneration. In our previous researches, we found that the dephosphorylation of elongation factor-2 and phosphorylation of nuclear lamin A/ C might be neuronal cell specific response to oxidative stress. (Nakamura et al. BBA, 1763BBA, (9), 977-989, 2006 The dephosphorylation and phosphorylation of those proteins are significant biomarkers for analyzing the molecular mechanisms of the stress response, however, such a phosphoproteome analysis is thought to be inappropriate for clinical investigation of neurodegeneration if it was not detectable in cerebrospinal fluid or serum of patients. Thus, we proceeded to the 2D-DIGE analysis of secretome, proteome of secreted proteins, using the culture system in which oxidative stress was applied to human SH-SY5Y neuroblastoma cells. As the result of our secretome analysis, we identified ubiquitin-activating enzyme E1, ubiquitin-conjugating enzyme E2 N, ubiquitin C-terminal hydrorase-L1, 14-3-3 protein isoforms, Rab GDP dissociation inhibitor β, Rho GDP-dissociation inhibitor 1, peroxiredoxin-2, glutathione S-transferase P, α enolase, LDH B chain as oxidative-stress-reporting biomarker candidates.
INTRODUCTION
Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are inevitably generated in all living cells as by-products of electron transport in mitochondria and redox enzyme reactions in the cytoplasm 1, 2) . Oxidative stress induced with ROS and RNS is suspected to be a major cause of chronic neurodegenerative diseases, including Parkinson's disease and Alzheimer's disease. Dopamine neurons are especially vulnerable to age-related disorders due to exposure to high level ROS generated normally as part of dopamine metabolism 3) . Oxidative stress may cause neuronal cell dysfunctions through oxidative modification of macromolecules including proteins. The neuronal cells must have a protective system against oxidative stress to avoid inordinate cell death. However, little has been known about which proteins in dopamine neurons are involved in the response to oxidative stress.
In order to analyze proteins involved in the stress response, we established an in-vitro culture system in which cellular response to oxidative stress could be detected by proteomic analysis. In our previous study, we examined changes in whole proteins and phosphoproteins of human dopaminergic neuroblastoma cell line SH-SY5Y under oxidative stress induced with dopaminergic neurotoxin 6-OHDA 4, 5) . Total proteins of SH-SY5Y cells at various stages of oxidative stress were separated by 2-D PAGE and compared quantitatively each other. Increases in cellular levels of glutathione S-transferase P and heat shock cognate 71 kDa protein were detected by computer-aided image analysis. Stress-induced alterations in protein phosphorylation were also detected by Pro-Q Diamond staining. Elongation factor 2, lamin A/C, T-complex protein 1, and heterogeneous nuclear ribonucleoprotein H3 were identified by MALDI-TOF MS as stress-responsive phosphoproteins 6) . However, those intracellular phosphoproteins are not directly applicable to clinical investigations of the early stages of neurodegeneration. Thus in this paper, we report the result of proteomic identification of oxidative-stressreporting biomarker proteins differentially secreted from human neuroblastoma SH-SY5Y cell under 6-OHDAinduced oxidative stress.
MATERIALS AND METHODS

Materials
Immobiline DryStrips (pH 4-7, 18 cm) and Pharmalyte were purchased from GE Healthcare Bioscience (Tokyo, Japan). IC3-OSu and IC5-OSu were products of Dojindo Laboratories (Kumamoto, Japan). SYPRO Ruby Protein Gel Stain was from Invitrogen. CoolPhorStar 2-DE Apparatus System was from Anatech (Tokyo, Japan). Pharos FX, PDQuest system and RC DC protein assay kit were from Bio-Rad Laboratories Inc. (Tokyo, Japan). SDS, Tris, Tricine, DTT, TFA, CHCA, DMSO and protease inhibitor cocktail were from Sigma-Aldrich (St. Louis, MO, USA). Other chemicals of HPLC grade were from Wako Pure Chemical Industries Ltd. (Osaka, Japan). Trypsin was purchased from Promega (Madison, WI, USA).
Cell culture and induction of oxidative-stress response
The dopaminergic neuroblastoma cell line SH-SY5Y was obtained from the Human Science Research Resources Bank (Osaka, Japan). The cells were cultured in D-MEM (Gibco) supplemented with 10% heat-inactivated fetal bovine serum, streptomycin (0.1 mg/ml), and penicillin (100 units/ml) in a CO 2 incubator (5% CO 2 /95% air) at 37°C.
Before inducing oxidative stress in the SH-SY5Y cells with 6-OHDA, attached cells and the culture dishes were rinsed twice with PBS to remove bovine serum proteins. The cells were then exposed to various concentrations of 6-OHDA (0, 10, 25 and 50 µM) in a serum-free D-MEM with N2-supplement. After 24-h incubation, the culture media were transferred to centrifuge tubes to remove cell debris by centrifugation.
Fluorescent labeling of proteins
Fluorescent labeling (FL) of proteins in the culture media was carried out according to the optimized procedure described in Fig. 1 . In brief, each culture medium (5-ml per sample) was concentrated with Amicon Ultra 10,000 MWCO centrifugal filter device (Millipore) to be about 0.1 ml. Proteins were then precipitated with 10-fold volume of cold acetone (-20°C) and re-dissolved in 50 µl of FL Buffer (8 M urea, 2% (v/v) Triton-X100, 0.2% (w/v) SDS, 10 mM HEPES-NaOH, pH 8.6). The protein concentration was assayed by a modified Lowry's method using the RC DC Protein Assay Kit (Bio-Rad), and adjusted to 10 mg/ml by dilution. A 15-µl aliquot of the sample solution containing 0.15 mg protein was mixed with 1.5 µl of 0.4 mM IC3-OSu or IC5-OSu dissolved in DMSO. The FL was carried out at room temperature for 15 min in the dark, and then terminated by the addition of 10 mM ethanolamine-HCl, pH 8.6. The IC3-labeled samples were combined with their 2-D PAGE and protein staining 2-DE for secretome mapping and 2D-DIGE was carried out according to our standard method 7) , of which the updated version was made public on our web site (http:// www.proteome.jp/2D/2D_method.html). In the first dimensional separation, immobilized pH-gradient isoelectric focusing was carried out using Immobiline DryStrip (pH 4-7, 18-cm long) in the CoolPhoreStar horizontal electrophoresis system (Anatech). Tricine-SDS-PAGE was run on a 7.5%T slab gel in the second-dimensional separation. Fluorescence imaging of IC3/5-labeled proteins was performed using the 532-nm laser and the 605-nm band-pass filter for IC3-labeled proteins, the 635-nm laser and the 695-nm band-pass filter for IC5-labeled proteins, respectively on the Pharos FX system (Bio-Rad). Differential display and quantitative spot analysis were done using the PDQuest software. Non-labeled proteins for secretome mapping were visualized by staining with SYPRO Ruby after 2-DE.
Spot picking and in-gel digestion
Spot picking was performed using EXQuest Spot Cutter (Bio-Rad). In-gel tryptic digestion was carried according to our optimized procedure shown in our web site.
MALDI-TOF MS and protein identification
MALDI-TOF MS was performed using AXIMA-CFR (Shimadzu), and protein identification was done with the help of the Mascot search engine (Matrix Science).
RESULTS
Secretome mapping of the human SH-SY5Y neuroblastoma cells under oxidative stress
Proteins, secreted from human SH-SY5Y neuroblastoma cells into the serum-free medium containing 25 µM 6-OHDA, were separated by 2-DE and visualized by staining with SYPRO Ruby (Fig. 2) . The protein spots numbered in the figure were excised from the slab gel. Protein identification was performed by in-gel tryptic digestion and peptide mass fingerprinting. The identified proteins were listed in Table 1 . The major spots pointed with arrowheads were serotransferrin supplemented to the serum-free culture medium as N2-supplement. Fifty-five spots on the map were identified as secreted proteins from the SH-SY5Y cells.
Differential display of oxidative-stress-reporting biomarker proteins by 2D-DIGE
The IC3/5-labeled proteins were simultaneously separated on a single gel, and the differential gel image was acquired and displayed using the PDQuest 2-D Gel Analysis Software. The result of the differential display by 2D-DIGE is shown in Fig. 3 , in which the red color indicates increased proteins in the medium under the oxidative stress induced with 25 µM 6-OHDA for 24 h. The green color indicates decreased proteins. The yellow color of The major spots pointed with arrowheads were serotransferrin supplemented to the serum-free culture medium as N2-supplement. serotransferrin spots means the abundance of the protein in culture medium is conserved during the 24-h incubation.
DISCUSSION
As the results of our in-vitro research, Parkinson's disease protein 7 (DJ-1), ubiquitin-activating enzyme E1, ubiquitin-conjugating enzyme E2 N, 26S protease regulatory subunit 7, 14-3-3 protein isoforms (beta/alpha, gamma, epsilon), Rab GDP dissociation inhibitor beta, Rho GDPdissociation inhibitor 1, COP9 signalosome complex subunit 4, peroxiredoxin-2, glutathione S-transferase P, heat shock cognate 71 kDa protein, heat shock protein HSP 90-alpha, 78 kDa glucose-regulated protein were identified as oxidative-stress-reporting biomarker candidates.
We expect that these proteins will be a potent molecular biomarkers for monitoring early stage of neurodegeneration occurring under oxidative stress in elderly people of advanced age.
